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Temperate phage PS166 infection of Vibrio eltor MAK757 resulted in complete changes in all biotype-specific determi-
nants. About 10% of the PS166 lysogens of MAK757 lost their eltor-specific determinants, namely, the ability to produce
soluble hemolysin, cell-associated hemagglutinin for chicken erythrocytes, and resistance to polymyxin B, as well as
resistance to Mukherjee’s group IV phage and sensitivity to eltor phage e4. These lysogens were found to have acquired the
properties of classical strains, most significantly becoming sensitive to group IV phage but resistant to eltor-specific e4. The
remainder of these lysogens, however, retained their parental biotype and serotype but acquired auxotrophy for glycine and
histidine. The differential behavior of the two types of lysogen was due to the integration of the phage PS166 genome at
different locations in the host chromosome. A 800-bp BglII fragment was found to contain the attP site. Phage PS166 has a
polyhedral head (95 nm in diameter) and a contractile tail (98 nm in length). The phage chromosome is a linear double-
stranded DNA of 110 kb and a G 1 C content of 58.7%. © 2000 Academic PressINTRODUCTION
Vibrio cholerae serogroup O1, the causative agent of
cholera, consists of several biotypes. Of these, eltor and
lassical biotypes were responsible for all of the recent
pidemics (Levine et al., 1983). The eltor biotype differs
rom the classical in several important characteristics:
ltor strains usually produce soluble hemolysin, contain
cell-associated hemagglutinin for chicken erythro-
ytes, and are resistant to the antibiotic polymyxin B
Finkelstein, 1973). However, the most important distinc-
ive feature is their sensitivity to group IV phages, which
nfect only the classical biotype of V. cholerae (Mukher-
ee, 1978). Within each biotype, two major serotypes
xist: Ogawa and Inaba.
The V. cholerae classical strain was the sole causative
gent of cholera during the first six pandemics (Finkel-
tein, 1973). The eltor biotype, although isolated as early
s 1906, gave rise to only a small number of cases up to
960. Since 1961, this biotype slowly exceeded the clas-
ical strain in global epidemics, and after 1966, all chol-
ra epidemics were due to V. eltor strains (Sen et al.,
983; Niyogi and De, 1987). However, since 1982, there
as been a fresh emergence of the classical biotype as
n epidemic strain in Bangladesh, rapidly replacing the
ltor biotype (Samadi et al., 1983). Thus one observes an
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36epidemiological periodicity of V. cholerae classical and
eltor infection in global pandemics. A new dimension
was added to this problem with the emergence of V.
cholerae O139 as the causative agent for the cholera
outbreak in the Indian subcontinent in November 1992
(Ramamurthy et al., 1993).
This strain is now believed to have emerged from V.
eltor and the progenitor strains have been identified
(Pajni et al., 1995), but the molecular mechanism behind
this seroconversion in the environment or for the epide-
miological periodicity remains unknown. The results pre-
sented in this report provide a clue in this direction.
Within V. cholerae O1, the genetic map of the eltor
biotype closely resembles that of the classical biotype
(Johnson and Romig, 1979). The genetic determinants for
the three eltor biotype markers, hemolysin (hly), chicken
erythrocyte hemagglutinin (cha), and polymyxin B resis-
tance (pmx), were found to be closely linked and located
between the pyrA201 and his-2 loci on the genetic map of
V. cholerae (Green et al., 1983). It was proposed that the
pandemic strain of one biotype might arise from other
biotypes of cholera Vibrio by transduction with a temper-
ate phage or by mutation (Ogg et al., 1978). Earlier, we
identified phage PS166, which could convert V. eltor
MAK757, serotype Ogawa strains to the classical biotype
(Mitra, 1989). However, the phage was not characterized,
and the molecular mechanism behind the reported bio-
type conversion was not known. Here we report the
biophysical characterization of the phage and report ev-
idence suggesting that phage PS166 induces conversion
by lysogenization.
AD
w
w
c
p
p
o
m
p
w
C
c
B
d
p
d
t
y
t
c
a
L
P
p
w
37PHAGE PS166 AND Vibrio eltor CONVERSIONRESULTS
bsorption and one-step growth
Phage PS166 was propagated in V. eltor MAK757.
uring growth in this host, it can behave as a lytic phage
ith a titer of 108 pfu/ml along with the generation of
large number of lysogens (see later). High-titer phage
stock was prepared as described later and used for
biophysical characterization.
The absorption of PS166 to V. eltor MAK757 followed
biphasic kinetics in nutrient broth at 37°C, a phenome-
non common to all cholera phages. This was character-
ized by a very rapid initial phase that continued for only
the first 90 s, when 60% of the phages were adsorbed at
a rate of 6.9 3 1028 ml/min; thereafter the process con-
tinued at a much slower rate (1.65 3 1026 ml/min), so by
approximately 7 min, 80% of the phages were adsorbed.
To examine the possibility that the biphasic nature of
absorption was due to the presence of two different
phage populations, the experiment was repeated with
the phages recovered in the supernatant after the first
rapid phase or with phages purified from single plaques.
An identical biphasic absorption pattern was observed in
each instance. The growth of phage PS166 within its host
was characterized by an eclipse period of 16 min, a
latent period of approximately 22 min, and a rise period
of 30 min. The average burst size obtained was 130
pfu/cell. Phage PS166 can infect V. eltor strains only;
classical strains are resistant. In this respect, phage
PS166 resembles eltor phage e5.
Ultrastructure and protein composition
The morphology and protein composition of the phage
were examined by electron microscopy and SDS–PAGE.
Based on electron microscopy (Fig. 1A), the phage con-
sists of a polyhedral capsid connected to a contractile
tail with a base plate. The capsid is 95 6 1.3 nm in
diameter. The tail is 98 6 8.3 nm long and 17.6 6 1.2 nm
FIG. 1. Electron microscopy (A) and SDS–PAGE of structural polypep-
tides (B) of phage PS166. Lysozyme (Mr 5 14,000), ovalbumin (Mr 5
45,000), bovine serum albumin (Mr 5 66,000), phosphorylase B (Mr 5
97,000), and b-galactosidase (Mr 5 116,000) were used as molecular
eight markers.ide. The tail is connected via a small neck to the
apsid. The base plate was not easily resolved but ap-
peared to have spikes or short tail fibers. Structural
roteins of the phage were analyzed by electrophoresis
n an SDS–10% polyacrylamide gel. Regardless of the
ethod of purification of the phage, SDS–PAGE dis-
layed only two structural polypeptides, with molecular
eights of 30,000 and 20,000 (Fig. 1B).
haracteristics of phage PS166 DNA
Phage PS166 was found on electron microscopy to
ontain a linear double-stranded DNA molecule (Fig. 2A).
y contour length measurement, the molecular size was
etermined to be 110 kbp compared with plasmid
BR322 as internal standard. The molecular size, as
etermined by the length of restriction fragments ob-
ained with HaeII, KpnI, and HaeII plus KpnI (Fig. 2B),
ielded a value of approximately 108 kbp. The melting
emperature of PS166 DNA in 0.13 SSC was 86.5°C,
orresponding to a G 1 C content of 58.7% (Maniatis et
l., 1989).
ysogeny of phage PS166 in V. eltor MAK757 cells
The infection of V. eltor MAK757 cells with phage
S166 produced plaques with resistant growth in their
FIG. 2. Electron microscopy (A) and restriction endonuclease diges-
tion pattern (B) of phage PS166 DNA. Arrow indicates the end of the
DNA molecule (A). Phage DNA was digested with HaeII, KpnI, and KpnI
lus HaeII, and the fragments were separated by agarose gel electro-
horesis. The position of the lDNA–HindIII fragments are indicated at
the right (B).
38 MITRA ET AL.centers. Some of these resistant colonies were found to
exhibit properties of the classical biotype, indicating
phage conversion (Mitra, 1989). This resistant growth
could be due to a phage receptor mutation or to a
phage-immune strain due to lysogenization with phage
PS166. To test these possibilities, a large number of
phage- resistant colonies were isolated as described in
Materials and Methods. Lysogenicity of these colonies
was determined by four methods: immunity to infection
with homologous phage, release of free phage identical
to parent phage as judged by restriction fragment profile
of the phage DNA, induction of lysis by mitomycin C and
ultraviolet light, and Southern blot analysis of chromo-
somal DNA (Southern, 1975) and colony hybridization
using nick-translated phage DNA as probe (Rigby et al.,
1977). About 1000 colonies were examined as one set.
Immunity to homologous phage was determined by spot-
ting an appropriate dilution of phage PS166 onto a soft
agar lawn of the putative lysogens. Almost all the colo-
nies examined were immune to further infection as ex-
pected. About 70% of the resistant colonies produced
free phage homologous to phage PS166 and were taken
to be lysogenic strains; others (about 30%) were taken to
be phage-resistant mutants. Next, all putative lysogens
were examined by colony hybridization (Grunstein and
Hogness, 1975), and all gave positive hybridization with
nick-translated phage PS166 DNA. Moreover, total
genomic DNA was isolated from 40 representative
strains, digested with HaeII, and subjected to Southern
FIG. 3. Southern blot analysis of the chromosomal DNA isolated from
V. eltor MAK757 cells lysogenized with phage PS166. Chromosomal
DNA of the putative lysogens was isolated and subjected to Southern
blot analysis as described in the text with 32P-labeled PS166 DNA as
probe. Phage PS166 DNA (lanes 1 and 2), MAK757 DNA (lane 3), and
chromosomal DNA from PS166 lysogen of MAK757 (lanes 4–7). Other
lysogens examined under identical conditions had similar patterns.blot analysis. Bands corresponding to those of phage
PS166 DNA were present in the DNA samples of allputative lysogens examined (Fig. 3), indicating integra-
tion of phage DNA into the host chromosome. Phage-
resistant mutants did not respond to any of these tests.
None of the confirmed lysogens, however, could be in-
duced by either ultraviolet irradiation or mitomycin C, as
also reported for V. cholerae phage CP-T1 (Guidolin and
Manning, 1985). Repeated subculturing of these lyso-
gens resulted in curing or the loss of prophage, but the
phenotypic change induced by lysogenization remained
unchanged. This property made it difficult to determine
whether the phage-converted classical biotype isolated
previously was due to a phage-resistance mutation or
due to lysogenization followed by the subsequent loss of
prophage.
Analysis of the biotype of PS166-lysogenized V. eltor
MAK757 cells
To resolve this problem, phage-resistant mutants as
well as confirmed lysogens, both freshly isolated, were
examined for their consequent conversion to the classi-
cal biotype. To screen, the colonies were cross-streaked
on two nutrient agar plates across a band of phage
F149, a group IV phage, on one plate and phage e4 on
the other. Colonies showing lysis with phage F149 (Fig.
4) but resistance to phage e4, a pattern typical of the
classical biotype (Mukherjee, 1978), were taken to be
phage-converted classical strains. About 8–10% of the
confirmed lysogens became sensitive to phage F149
and resistant to e4, indicating their conversion to the
classical biotype. These colonies were examined for
other classical phenotypes; all became sensitive to poly-
myxin B, did not produce any soluble hemolysin, and did
not agglutinate chicken erythrocytes, indicating a com-
plete conversion of biotype. These converted strains
would henceforth be called V. eltor MAK757C. None of
FIG. 4. Phage F149 sensitivity of V. eltor MAK757 cells converted to
classical biotype by lysogenization with phage PS166. Phage-con-
verted colonies were streaked on nutrient agar plates across a band of
phage F149 on the plate. The plates were grown at 37°C overnight and
examined. Bands 1–5 represent phage-converted (V. eltor MAK757)
strains. V. cholerae classical, Ogawa 154 (band 6) and V. eltor Ogawa
MAK757 (band 7) were included as controls.
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39PHAGE PS166 AND Vibrio eltor CONVERSIONthe phage-resistant mutants showed biotype conversion.
All of the lysogens, however, including V. eltor MAK757C,
maintained their parental Ogawa serotype.
Auxotrophy of PS166 lysogens of V. eltor
MAK757 cells
The observed conversion of the eltor biotype to the
classical biotype indicated the suppression of all the
eltor-specific characters (pmx, hly, cha). Because the
genes for all of these determinants are known to be
closely linked (Green et al., 1983), it may be conjectured
that the integration of the phage genome took place at or
near these loci and pleotropically affected their expres-
sion. Therefore the lysogens were plated on minimal
agar plates supplemented with amino acids, nitrogenous
bases (purine and pyrimidines), or vitamins to discover
these auxotrophic requirements (Clowes and Hayes,
1968). As can be seen in Table 1, lysogens that were
converted to the classical biotype (V. eltor MAK757C)
required either cysteine or cysteine and methionine for
growth. Interestingly, V. cholerae classical Ogawa strain
154, a universal host for all classical phages (Mukherjee,
1978), was also found to be Cys2 when examined for
uxotrophy. More than 50% of the lysogens, however,
ere found to be Gly2 and His2, and approximately 10%
had an additional requirement for leucine. Approximately
20% had multiple requirements in addition to glycine and
histidine.
Determination of attP site
The development of specific auxotrophic requirements
(Cys2 and Cys2, Met2) for phage PS166-converted clas-
sical strains and their significant variation from the (Gly2,
is2) major fraction of the lysogens suggest that the
hage genome integrates at different sites in these two
ypes of lysogens. If this is correct, then one would
xpect an analysis of digested DNA from the two types of
ysogens, probed with labeled phage DNA, to reveal a
ifference in the restriction fragment pattern. However,
he conventional method failed to show any variation in
he mobility of the fragments regardless of the various
nzymes used. This could be due to the fact that in each
T
Auxotrophic Requirements of Phage
Strain Nature of mutation Colonies (% of t
Gly2 His2
. eltor Mak757 Gly2 His2 Leu2
Gly2 His2, others
V. eltor Mak757C Cys2
Cys2, Met2f these experiments, integration produced very high
olecular weight fragments, which remained unresolvednder the experimental conditions. So the following ap-
roach was taken: it was known that the attP site of the
ouble-stranded DNA phage of V. cholerae O139 was
ocated on one of the terminal fragments of the phage
enome (Pajni et al., 1995). It was established from the
estriction map we constructed of the phage PS166 ge-
ome that BglII produced 11 fragments, of which the
mallest fragment, BglII-K, 800 bp (Fig. 6B), was one of
he terminal fragments (see accompanying article). Chro-
osomal DNA from the two groups of lysogens (Gly2
His2 and classical converted Cys2) were digested with
BglII and subjected to Southern blot analysis using 32P-
labeled 800-bp BglII-K fragment as probe. As can be
seen from Fig. 6, the fragment BglII-K disappeared in all
lysogens with the concomitant appearance of a very
large band or bands, suggesting that the attP site is
located on BglII-K. However, the sizes of these fragments
were much higher in the converted classical strains (Fig,
Lysogens of V. eltor Mak757 Cells
gens screened) Sensitivity to F149 Sensitivity to e4
Nil Yes
Nil Yes
Nil Yes
Yes Nil
Yes Nil
FIG. 5. Analysis of phage PS166 DNA integration in the V. eltor
MAK757 chromosome. PS166 DNA (A, lane 1), unconverted lysogen (A,
lane 2), and converted classical strains (A, lanes 3 and 4) were di-
gested with BglII, electrophoresed on 0.8% agarose gel, transferred to
a nylon membrane (Hybond-N; Amersham), and probed with the termi-ABLE 1
PS166
he lyso
50–65
10–16
18–22
8–15nal fragment of PS166 phage DNA. (B) Digestion pattern of PS166
phage DNA with restriction enzyme BglII.
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40 MITRA ET AL.6A, lanes 3 and 4) than in all lysogens showing the Gly2
His2 phenotype (Fig. 6A, lane 2). Representative strains
from each group of lysogens produced identical results.
This strongly suggests that conversion to classical
strains was due to integration of the phage DNA into the
host chromosome at a site different from in other lyso-
gens. This was further confirmed by the observation that
in lysogens that were converted to classical strains, the
phage genome integrates at the hlyA locus, whereas the
same locus remained unaffected in other lysogens (Gly2
His2) where parental biotypes were maintained (see
ccompanying article).
uter membrane proteins of biotype-converted
. eltor MAK757 cells
Conversion of the eltor biotype to the classical biotype
an result in the loss or alteration of the receptor so that
t is no longer recognized by eltor-specific phages like e4
ut are recognized by classical phage F149. The outer
embrane proteins were prepared from V. eltor MAK757,
. cholerae 154, classical Ogawa, and the converted
ysogens (V. eltor MAK757C) to look for any change in
heir composition. One major protein band correspond-
ng to 50 kDa in size was found to be absent in the
onverted lysogens (Fig. 6).
DISCUSSION
Epidemiological periodicity is unique for V. cholerae
nd has no parallel in the epidemiological history of any
ther bacterial infection. Until the early 1990s, for almost
FIG. 6. SDS–PAGE of outer membrane proteins from MAK757 (lane
1), 154 (lane 4), and MAK757 lysogenized with PS166 (lanes 2 and 3).00 years after the discovery of the organism, it alter-
ated between classical and eltor biotypes. The emer- wence of V. cholerae O139 in 1992 replacing the V. eltor
train from the endemic scene appeared to mark the
eginning of a new era. In subsequent years, O139
isappeared, making room for the eltor strain, but it
eappeared in 1996. The molecular mechanism behind
his change in serotype and biotype remained unknown.
lthough the O139 strains were shown to be derived
rom a V. eltor serogroup O1 strain and progenitor strains
ere identified (Pajni et al., 1995), nothing is known
bout the genesis of the V. eltor strain. Phage conversion
eading to changes in the serotype of V. eltor O1 strains
ave been reported (Ogg et al., 1972; Siddiqui et al.,
982). In V. eltor strains, changes in the phage type and
toxigenicity due to phage-mediated induction have been
reported (Siddiqui and Bhattacharyya, 1982). Incomplete
transfer of biotype characters was previously demon-
strated (Ogg et al., 1978). The results presented here
demonstrate the conversion of a V. eltor strain to a
classical one with changes in all biotype determinants.
Phage PS166 infects V. eltor strains to produce
laques with resistant colonies in their centers; most of
hese colonies were found to be lysogens. The plaque
orphology was quite different from other lysogenic
hages like VcA-1 and VcA-3, which produce plaques
ith a clear center and a turbid outer ring. PS166 is quite
ifferent physically from other V. eltor-specific phages.
n analysis of the resistant colonies isolated from
laques or areas of confluent lysis revealed that approx-
mately 70% of these colonies were confirmed lysogens.
y repeated subculture, prophages were either lost or
ured, a phenomenon that has also been reported for the
ransduction of cholera phage CP-T1 (Guidolin and Man-
ing, 1988). The phenotype changes induced by lysog-
nization, however, remained unchanged. Unlike other
ysogens, the PS166 lysogen could not be induced by
ltraviolet light or mitomycin C. In this way, PS166 resem-
les transducing cholera phage CP-T1 (Guidolin and
anning, 1985) but differs from the recently isolated
ingle- (Kar et al., 1996) and double- (Pajni et al., 1995)
tranded DNA phages of V. cholerae O139.
Examination of the nutritional requirements of the var-
ous PS166 lysogens revealed that most of these devel-
ped auxotrophy for glycine or histidine. It is probable
hat the phage DNA integrates at these sites and inac-
ivates the respective genes. Phage PS166 is unique in
his sense compared with other temperate phages of V.
holerae. The phages VcA-1 and VcA-2 behave like a
utator phage and integrate randomly into the host chro-
osome (Guidolin and Manning, 1987), whereas phage
P-T1 has been shown to mediate generalized transduc-
ion (Guidolin and Manning, 1985). Although transduction
as not been studied in PS166, it is possible that this
hage carries out generalized transduction as sug-
ested by multiple auxotrophy of quite a few lysogens.Surprisingly, approximately 10–12% of the lysogens
ere converted to the classical biotype. Incomplete con-
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41PHAGE PS166 AND Vibrio eltor CONVERSIONversion of biotype by phage CP-T1 was reported earlier
by Ogg et al. (1978), but phage PS166 mediates changes
in all eltor-specific determinants, namely, production of
soluble hemolysin, polymyxin B sensitivity, hemaggluti-
nation of chicken erythrocytes, and sensitivity to phage
F149, a phenomenon that is being reported for the first
time. It is known that all eltor-specific determinants (hly,
cha, pmx) are closely linked and located between the
pyrA-201 and his-2 loci on the genetic map of V. cholerae
(Green et al., 1983). It could be argued that the phage
DNA may integrate at one position to pleotropically affect
the expression of all of these determinants. An analysis
of the auxotrophic profile of these converted strains
revealed that they acquired the growth requirement for
either cysteine or cysteine and methionine, which is
different from other lysogens that were Gly2 and His2.
Most surprisingly, V. cholerae classical strain 154, the
universal host for all the classical-specific phages, was
also found to be Cys2. Thus it appeared that the phage
PS166 preferentially integrates at the gly his locus, in-
ducing the respective auxotrophies. PS166 has the ca-
pacity to integrate at other sites, and possibly, multiple
copies of it induce multiple auxotrophies. However,
sometimes (10–15% of the lysogens) the phage genome
integrates at the cys locus and affects the expression of
ll eltor-specific determinants. It is under these circum-
tances that a biotype change is induced.
If this conjecture is correct, then one would expect the
ite of integration of the phage genome to differ in the
wo types of auxotrophic mutants, and indeed this is the
ase. The integration event splits the 800-bp fragment in
wo, located at either side of the integrated phage ge-
ome. The size of the BglII fragment obtained by diges-
ion of the chromosomal DNA of the lysogens, hybridiz-
ng with the 800-bp probe, would then depend on the
ocation of the nearest BglII site on the host chromo-
omal DNA at either side of the integrated phage ge-
ome. Two bands were obtained with lysogens that re-
ained their parental biotype. The apparent single band
een from converted lysogens may then represent either
doublet or two large bands of different sizes, which
ould not be resolved under our experimental conditions.
t was further confirmed that in the classical converted
train, the phage genome integrates at the hlyA locus,
hereas the same locus remained unaffected in Gly2
His2 lysogens (see accompanying article).
It is pertinent to ask whether the biotype conversion
bserved in the laboratory has any epidemiological sig-
ificance. Phage PS166 was isolated in 1988 from a
ackground of patients of whom quite a number (12%)
ad V. cholerae classical infection (R. K. Ghosh, unpub-
ished observation). This number was significant com-
ared with the incidence of classical infection (0.5%) in
he preceding few years (Neogi and Dey, 1987). During
his period, the incidence of V. eltor infection was lower
66%) compared with its incidence (99.5%) during thereceding 10 years (1975–1985) (Neogi and Dey, 1987). A
arge number of patients (approximately 20%) could not
e typed (R. K. Ghosh, unpublished observation), a pro-
ile that is similar to PS166 infection of V. eltor MAK757
ell under laboratory conditions.
Very recently, the genome of V. eltor strains has been
hown to undergo rearrangement leading to strains with
ewer ribotype and different restriction fragment length
olymorphism patterns (Sharma et al., 1997). Two tem-
perate phages capable of infecting both eltor and O139
strains have been identified (Kar et al., 1996; Pajni et al.,
1995). Whether these phages play any role in this gene
rearrangement or the genesis of the O139 strain has yet
to be examined.
MATERIALS AND METHODS
Bacteria and bacteriophage strains
V. eltor MAK757 and V. cholerae classical strain 154,
which both belong to serotype Ogawa, as well as the
typing phages F149 and e4 were obtained from the
National Institute of Cholera and Enteric Diseases, Cal-
cutta. Phage PS166 was isolated from a stool specimen
from a clinical cholera patient at the Infectious Disease
Hospital, Calcutta (Mitra, 1989). General bacteriophage
techniques, including phage absorption kinetics and
one-step growth parameters, were studied as described
earlier (Chattopadhyay et al., 1987).
Preparation of high titer phage stock
V. eltor MAK757 was used as indicator host for phage
propagation as well as to determine the phage titer by
the agar-overlay method. Cells were grown in nutrient
broth at 37°C with shaking (180 rpm) to mid-log phase
(;5 3 108 cfu/ml). The cells were then infected with
hage PS166 at an m.o.i. of 0.01 and incubated with
haking at 37°C for 4 h. A yield of approximately 2 3 1010
pfu/ml was obtained. Chloroform (0.5% v/v) was added to
the cell lysate, and the cell debris were removed by
centrifugation at 6000 g at 4°C. Phage particles were
concentrated from the lysate by precipitation with poly-
ethylene glycol 6000 as described by Yamamoto et al.
(1979). The phages were subsequently purified by band-
ing on a cesium-chloride step gradient (1.3–1.7 g/ml) by
centrifugation at 35,000 rpm for 1 h with a Beckman SW
50.1 rotor. The recovered phage band was dialyzed over-
night at 4°C against 10 mM Tris–HCl, pH 8.0, 1 mM EDTA
and then stored at 4°C in the presence of a small amount
of chloroform.
Electron microscopy
Electron microscopic examination of the phage and
phage DNA was conducted according to the procedures
described by Chakrabarty et al. (1993).
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42 MITRA ET AL.Analysis of structural proteins
Analysis of structural proteins was made by SDS–
PAGE according to Laemmli (1970).
Isolation of phage DNA
Phage DNA was isolated according to the method
described earlier (Chattopadhyay and Ghosh, 1988).
Restriction enzyme digestion and electrophoresis
Phage DNA (1–2 mg) was digested with various re-
triction enzymes at 37°C for 90 min according to the
nstructions of the manufacturer (New England Biolabs).
efore loading on the gel, the digests were heated at
5°C for 10 min and then quenched on ice. Restriction
ragments were separated by electrophoresis on a 1%
garose horizontal slab gel formed in 90 mM Tris, 90 mM
orate (pH 8.2), and 2 mM EDTA. Sizes of the various
ragments were obtained from their mobilities relative to
hose of l DNA HindIII fragments run on the same gel.
Southern blotting and DNA hybridization
Chromosomal DNA from V. eltor MAK757 as well as
from the PS166 lysogens of MAK757 were prepared
according to Mekalanos (1983), except that 20 mg/ml
ysozyme was used. Then 2 mg of chromosomal DNA
was digested and run on a 0.7% (w/v) agarose gel as
described earlier. Conditions for labeling of DNA probes
with 32P, Southern hybridization, and washing of the blots
have been described (Pajni et al., 1995).
Serotyping, resistance to polymyxin B, and production
of hemagglutinin
Serotyping of different colonies was performed ac-
cording to the procedure described by Siddiqui and Bhat-
tacharya (1982). Resistance to polymyxin B was deter-
mined according to Han et al. (1963). The presence of
hemagglutinin was tested by the slide-agglutination
method according to Finkelstein et al. (1963).
Isolation of a phage-converted classical strain
We infected 0.2 ml of log-phase culture (5 3 108 cells/
ml) of V. eltor MAK757 with the appropriate dilution of
phage PS166 and then they were plated. The plates were
incubated at 37°C overnight. Colonies were picked ei-
ther from areas of confluent lysis or from the center of the
plaques. Each colony was placed in 1 ml nutrient broth
and grown overnight at 37°C. These cultures were then
streaked for the isolation of single colonies. Each single
colony was then passed through five subcultures on
nutrient agar plates, and single colonies were identified
each time for purification as well as to remove any
contaminating phage. To isolate classical strains from
these PS166 lysogens of V. eltor MAK757, colonies werecross-streaked on nutrient agar plates across a band of
phage F149 (classical-specific group IV phage) on one
plate and phage e4 (eltor-specific phage) on the other.
The plates were then incubated at 37°C overnight. Col-
onies showing lysis with phage F149, but resistance to
phage e4, a pattern typical of the classical biotype, was
taken to indicate a phage-converted classical strain.
Test for auxotrophy
Different PS166 lysogens of V. eltor MAK757 were
grown on nutrient agar plates to give single colonies.
These were then replicated on 12 different pools of
supplemented minimal agar plates as described by
Clowes and Hayes (1968).
Isolation of outer membrane protein
The method for the preparation of outer membrane
protein was essentially as described by Schnaitman
(1974). Briefly, exponential phase cells were harvested by
centrifugation and resuspended in 10 mM HEPES, pH
7.0, containing 20% (w/v) sucrose. The cells were dis-
rupted by sonication, and the lysates were treated with
100 mg/ml DNase and 100 mg/ml RNase for 10 min. Intact
ells were removed by low-speed centrifugation. Lysates
ere diluted with two volumes of 10 mM HEPES buffer
nd centrifuged at 100,000 g for 30 min. The pellet con-
aining the crude envelope was resuspended and
ashed once with the same buffer. Outer membrane
rotein was then prepared from this crude preparation
hrough solubilization of the inner membrane protein by
xtraction with 2% Triton X-100. The outer membrane
rotein was recovered as a pellet.
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